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Subjects, Design, and Methods. A case-control analysis of administrative health care data from the Veterans' Health Administration identified 1,877,841 patients with a pharmacy record for an opioid prescription between October 1, 2010 and September 30, 2012 . Overdose or serious opioid-induced respiratory depression (OSORD) occurred in 817. Ten controls were selected per case (n 5 8,170). Items for an OSORD risk index (RIOSORD) were selected through logistic regression modeling, with point values assigned to each predictor. Modeling of risk index scores produced predicted probabilities of OSORD; risk classes were defined by the predicted probability distribution.
Results. Fifteen variables most highly associated with OSORD were retained as items, including mental health disorders and pharmacotherapy; impaired
Introduction
Unintentional opioid-related overdose in the United States is an increasingly common yet preventable cause of death among medical users of prescription opioids [1, 2] . Identifying risk factors and individuals at elevated risk is a public health imperative and necessary to implement effective preventive measures.
Serious toxicity and overdose events from prescription opioid use have risen in the United States over the last two decades and parallel a striking increase in opioid prescribing to manage acute and chronic pain [3] [4] [5] [6] [7] [8] [9] . The marked increase in opioid prescribing overall is reflected in the U.S. Veterans' Health Administration (VHA), with the percentage of all VHA patients receiving opioids growing from 18.9% in Fiscal Year 2004 to 33.4% in Fiscal Year 2014 [10] .
Opioids depress the central nervous system (CNS), which may result in profound and potentially fatal respiratory depression, sedation, and coma [11] [12] [13] . Prescription opioid-related deaths in the United States have almost quadrupled since 1999, to 16,917 in 2011 , with approximately 80% of fatal opioid-related overdoses classified as unintentional [3] . More than half of overdoses occur in patients who are prescribed a relatively high morphine equivalent dose (MED) of >100 mg/day or who misuse opioid analgesics [4] . However, patients using opioids with daily MED as low as 20-50 mg can experience unintentional life-threatening respiratory or CNS depression under conditions that enhance these effects or result in opioid accumulation or excessive duration of action [14] [15] [16] [17] . Certain pre-existing conditions (e.g., liver, kidney, or pulmonary disease) or concomitant use of other medications or substances (e.g., sedative-hypnotics or alcohol) can negatively impact a patient's ability to tolerate opioid exposure, resulting in overdose and serious respiratory/CNS depression.
Predictive models and scoring systems (risk indices) that estimate the level of risk of an adverse outcome are commonly developed in medical research and clinical practice with the goal of preventing or mitigating an outcome [18] . Examples include risk of suicidality [19] , cardiovascular disease [20] [21] [22] , postoperative pulmonary complications [23, 24] , and mortality [25] .
Several screening instruments assess the risk of aberrant drug-related behaviors (misuse, abuse, or addiction) in prescription opioid-treated patients, such as the Opioid Risk Tool [26] , Screener and Opioid Assessment for Patients with Pain-Revised (SOAPP-R) [27] , Pain Medication Questionnaire (PMQ) [28] , CAGE-Adapted to Include Drugs (CAGE-AID) [29] , Screening Tool for Addiction Risk (STAR) [30] , and the Screening Instrument for Substance Abuse Potential (SISAP) [31] . However, no published instruments currently provide clinically useful, evidence-based risk information about the likelihood of opioid-induced overdose or lifethreatening respiratory/CNS depression [32] .
We previously examined potential predictors of serious prescription opioid-induced toxicity and overdose in a case-control study of US military veterans [15] . Factors with the most significant positive associations included maximum prescribed daily MED 100 mg (with a significant dose-response effect beginning at 20 mg), history of opioid dependence, hospitalization during the 6 months before the serious respiratory depression or overdose event, liver disease, and use of extendedrelease or long-acting opioids. Based on results from the previous study, a practical risk index was developed to estimate the likelihood of overdose or serious opioidinduced respiratory depression (OSORD) among medical users of prescription opioids.
Methods

Study Design and Setting
The risk index was developed using a retrospective, case-control analysis of administrative health care data derived from VHA Medical SAS Inpatient and Outpatient and VHA Decision Support databases. These include information from all VHA Medical Centers and Outpatient Clinics. The Western Institutional Review Board determined that this study was exempt from full IRB review.
Study Participants
This study used the same VHA population as our previous study that identified factors associated with prescription opioid-induced respiratory depression or overdose [15] . A total of 10,131,467 patients was included in the VHA Medical SAS datasets from October 1, 2010 through September 30, 2012; of these, Screening Index Risk Prescription Opioid Overdose 1,877,841 (18.5%) had at least one pharmacy record for an opioid. Only patients with complete demographic information on age, sex, and self-identified race, and continuous medical and pharmacy benefits for the 6-month baseline period before the index date were eligible for inclusion in the study. Cases were patients who experienced OSORD (index event), as defined by the International Classification of Disease, 9th Revision, Clinical Modification (ICD-9-CM) and Current Procedure Terminology (CPT) coding algorithm developed in our prior work [15] . To optimize statistical power, 10 control patients from those dispensed an opioid by VHA during the study period were randomly selected per case and assigned the same index date [33] [34] [35] . After eligibility criteria were applied, 8,987 patients were included in the present analysis (817 cases, 8,170 controls).
Variables
The outcome variable, OSORD, was defined by ICD diagnostic and CPT procedural codes [15] . Independent variables (Table 1 ) included demographics; the Charlson Comorbidity Index (CCI) score [36] [37] [38] ; individual CCI comorbidities; other selected pain-and nonpain-related comorbidities [39] [40] [41] [42] ; prescription medication information, including opioid active ingredient, formulation, and MED [43, 44] , and select concomitant medications known to potentiate opioid effects; and health care utilization [15] . Multivariable logistic regression was conducted to examine potential predictors of serious opioid-induced respiratory depression or overdose. All independent variables with P < 0.25 on bivariate testing were initially included in the model (Table 1) . Variables with P > 0.10 were dropped from the model sequentially unless they were identified as confounders (i.e., variables that, when dropped from the model, resulted in a 20% or greater change in parameter estimates for one or more of the other variables, when compared with the original model). The final model included confounders and all variables with P 0.10. All statistical analyses were conducted in SAS v9.3. (SAS, Cary, NC).
Risk Index Construction
Items for the risk index were selected from the model variables statistically significantly associated with OSORD. The authors balanced the scientific and statistical robustness of each variable's association with opioid overdose with the practical need for a relatively brief instrument with simplified administration by health care personnel in a busy community health care setting. Considerations included: 1) statistical strength of association in this sample; 2) confirmation in the published literature that the variable is a risk factor; 3) likely generalizability of the variable to the U.S. population of medical users of prescription opioids; and 4) feasibility of obtaining readily available, valid information for all index items.
Point values were assigned to questionnaire items by multiplying the regression-generated b coefficients by 10 and rounding to the nearest integer. For each patient, values were summed, yielding a risk index score [23, 45] . The risk index scores were then used in a multiple logistic regression model with life-threatening opioid-induced respiratory depression or overdose as the outcome, to produce predicted probabilities of the outcome [23, 45] . A power transformation (ln [risk index score 1 25], with ln indicating natural logarithm) reduced the skewness of the risk index scores and improved model calibration [23, 45] .
Model performance was assessed with the HosmerLemeshow test for overall model goodness-of-fit and receiver operating curves and corresponding C-statistics for model discrimination between those with and without the outcome of interest. Accepted C-statistic cutoffs for reasonable and strong discrimination are 0.7 and 0.8, respectively [46] .
To test the validity of the risk index, the distribution of predicted probabilities was compared by deciles to that of the observed occurrence of serious toxicity or overdose. Patient count, average predicted probability of the outcome, and observed incidence of events were computed for each risk class. Results
Descriptive Statistics
Baseline sample characteristics, including demographics, comorbidities, prescription medications, and health care utilization, are in Table 1 . As described in Zedler et al., unadjusted analyses showed that cases were significantly more likely to be non-Hispanic; white; divorced, separated or widowed; and to have received care in the southern or western United States [15] . Cases also had a greater burden of illness as indicated by a higher mean CCI score and frequencies of most individual CCI and selected other comorbidities. Several opioid-related factors were significantly associated with OSORD, including opioid formulation, route of administration, maximum prescribed daily MED, and receipt of more opioid prescriptions overall. Cases were prescribed other potentially interacting medications more frequently and had greater baseline health care utilization than did controls [15] .
Multivariable Modeling
Independent variables excluded from multivariable regression modeling due to P > 0.25 on bivariate analysis included dementia, peptic ulcer disease, endocarditis, herpes simplex infection, attention deficit hyperactivity disorder, and buprenorphine or codeine prescription. Demographic variables associated with higher odds of OSORD included age groups 45-54 years and 55, race/ethnicity non-Hispanic white, and marital status never married or widowed. Multiple CCI comorbidities were associated with an event, with liver disease reflecting cirrhosis and chronic hepatitis having the highest odds, followed by skin ulcers, metastatic solid tumor, renal disease, and chronic pulmonary disease. Opioid dependence 1 was the nonpain-related comorbidity with the highest likelihood (OR 4.54, 95% CI 3.12, 6.63), followed by nonmalignant pancreatic disease (OR 2.13, 95% CI 1.06, 4.25), a combined variable of bipolar disorder or schizophrenia (OR 1.95, 95% CI 1.43, 2.67), and sleep apnea (OR 1.34, 95% CI 1.03, 1.75). Active traumatic injury was the only pain-related comorbidity associated with higher odds of the outcome (OR 1.48, 95% CI 1.18, 1.87) ( Table 2) .
Certain medication and health care utilization variables were significantly associated with serious opioid-induced respiratory depression or overdose. Maximum prescribed daily MED 100 mg/day had the highest likelihood (OR 4.96, CI 3.24, 7.61), but MED levels 20 mg/day were monotonically associated with increased probability of an (Table 2) . Four variables included in the model were associated with lower odds of experiencing an overdose event: serious autoimmune rheumatologic disease, skin infections/abscesses, tramadol prescription, and having filled at least one prescription at VHA during the baseline period. The model had good discrimination and calibration, with a C-statistic of 0.89 and Hosmer-Lemeshow goodnessof-fit statistic of 7.49 (P > 0.05) ( Table 2 ).
Screening Risk Index Table 3 shows the statistically significant predictors in the final model that were retained as items in the risk index, and their corresponding, assigned point values. Table 4 presents risk classes by deciles of predicted probability and the corresponding observed incidence of OSORD and risk scores. Based on risk factors present/absent during the 6 months before the index event, the average predicted probability of an event ranged from 3% in the lowest risk class to 94% in the highest, and the observed occurrence of an event increased commensurately.
The risk class model's C-statistic was 0.88 and HosmerLemeshow goodness-of-fit statistic 10.8 (P > 0.05), indicating very good calibration and discrimination between patients with and without an event (Table 4) .
Discussion
A novel screening tool was developed to estimate the risk of overdose or life-threatening respiratory depression in medical users of prescription opioids. The risk index for overdose or serious opioid-induced respiratory depression (RIOSORD) performed well in the VHA study sample in identifying patients at increased risk of such events. Higher risk scores correlated closely with increased observed occurrence of events. RIOSORD is the first Had one or more emergency department (ED) visits? 11 Been hospitalized for one or more days? 8 Total point score (maximum 115) * This risk index is intended for completion by a health care professional.
† The condition does not have to be the primary reason for the visit but should be entered in the chart or EHR as one of the reasons or diagnoses for the visit. ‡ The International Classification of Disease (9th and 10th Revisions) codes the diagnosis of substance "addiction" as substance "dependence." § A patient consuming one or more opioids with an ER/LA formulation receives 9 additional points regardless of the number of different ER/LA products consumed. # Include all prescription opioids consumed on a daily basis.
instrument intended to provide healthcare professionals with clinical decision support for assessing the most serious and important adverse effect that can occur in patients being managed for pain using opioid therapy. It provides current, quantitative, evidence-based information about a patient's level of risk of serious prescription opioid-induced respiratory depression or overdose.
Risk Factors
The 15 items in RIOSORD include several factors welldocumented in the literature as predictors of fatal opioid overdose. They comprise features of the prescription opioid [4, [47] [48] [49] [50] [51] [52] ; concomitant prescribed benzodiazepines or antidepressants [1, [53] [54] [55] [56] ; renal, liver, and pulmonary comorbidities and active traumatic injury; and mental health disorders including opioid dependence [9, 36, 57, 58] . In addition, increased health care utilization in the form of a recent ED visit or hospitalization was among the most significant predictors of experiencing OSORD [59] .
The total MED of the patient's daily opioid regimen was one of the variables most strongly associated with an event, in a monotonic dose-response fashion beginning, alarmingly, with an MED as low as 20 mg/day [14] [15] [16] [17] . MED is one of the most consistently reported risk factors for fatal overdose. Accurate, reliable calculation of the patient's total daily MED entails the use of standardized morphine equivalent conversion factors. Numerous published equianalgesic tables are available, but the opioid conversion factors vary widely [40, [60] [61] [62] [63] [64] . Therefore, to maximize RIOSORD's clinical utility and high predictive performance, inclusion of MED in the risk index requires use of a standardized automatic electronic calculator, as currently available in a mobile, tablet, or Web-based platform, to facilitate simple, rapid, accurate, and reliable calculation.
Intended Use and Interpretation of Results
Pain is the most common reason patients seek medical attention [65] . Approximately 80% of pain episodes treated with opioids in the United States are short-term [60, 63] . However, an estimated 100 million to 116 million U.S. adults have chronic pain [65, 66] . The prescription of opioids to manage chronic noncancer pain increased dramatically since 2000 to approximately 9 million individuals annually [5] [6] [7] 9, 67] . Managing acute, episodic, or chronic pain with opioids is particularly challenging due to the multidimensionality of pain and the multitude of influences affecting opioid efficacy and safety. RIOSORD, which is based on a multivariable regression model, integrates independent risk factors and adjusts for confounding influences. As a result, RIOSORD can provide valuable decision support to health care professionals to manage pain more safely and effectively, particularly in complex patients who are biologically vulnerable to serious opioid-related CNS or respiratory depression. RIO-SORD supports but does not replace the health care provider's judgment in clinical decision-making.
RIOSORD is intended as a screening tool to be used by a health care professional before prescribing opioids, to assess a patient's baseline risk of opioid-induced respiratory depression or overdose. It also can be employed periodically during ongoing opioid treatment to reevaluate risk based on changes in a patient's clinical condition or medication regimen. Explaining the RIOSORD score to a patient creates an opportunity to discuss the benefits and risks associated with the use of opioids. It also facilitates patient education regarding the word overdose and the importance of adjusting modifiable risk factors (e.g., adhering to prescribed treatment for comorbidities such as sleep apnea, or minimizing use of neurodepressive psychoactive substances and medications). For example, the provider may begin a discussion with, "Patients with risk scores similar to yours" (e.g., 50 points) "were predicted to have an x% chance" (e.g., 76%) "of experiencing a life-threatening opioid emergency such as an overdose with slow or very shallow breathing and unresponsiveness. This can occur under certain conditions despite taking your opioid medication exactly as prescribed. You can reduce your risk by. . ." (e.g., "using your CPAP device for sleep apnea, following opioid dose instructions, and not drinking alcohol").
Patients identified as having increased risk are the most likely to benefit from preventive and potentially lifesaving interventions. Options include patient and caregiver education, increased attention when selecting an opioid or increasing dose, consulting pain management experts, possible pharmacogenetic testing, and heightened vigilance for serious opioid-related adverse effects or the emergence of known risk factors. Naloxone, a highly effective opioid antagonist, is recommended for patients at increased risk for opioid overdose, including those on chronic opioid therapy [68] [69] [70] [71] [72] [73] [74] [75] . In 2014, the U.S. Food and Drug Administration approved the first naloxone product for use outside medically supervised settings by family members or caregivers as a rescue medication in the event of a known or suspected overdose as manifested by respiratory and/or CNS depression [73] .
Strengths and Limitations
RIOSORD was developed using extensive administrative health care data in the U.S. VHA population. Limitations common in observational studies using administrative data include limited or no information about : 1) potentially relevant patient behavior, social characteristics, and family history (such as familial substance use disorders); 2) adherence to dosing instructions and actual use of prescribed medication; 3) substances, medications, and treatment obtained outside VHA; and 4) therapeutic indications for prescribed medications. As such, the predictive ability of RIOSORD, like other tools derived from observational data, is subject to residual confounding by currently unknown or excluded contributory factors. Administrative data can be limited by incompleteness, coding errors, and misclassification, particularly for comorbidities including mental health and substance use disorders. A gold standard administrative (claims) code-based definition for the outcome of serious opioid-related respiratory/CNS depression or overdose does not exist currently, and the diagnostic accuracy of our coding algorithm has not been validated yet against linked patient medical records. In addition, the VHA population includes relatively few women and younger patients; the study sample might not accurately reflect the broader U.S. population of medical users of prescription opioids.
The risk factors selected as risk index items were chosen partly because accurate, complete responses should be readily identified by a health care professional in a patient's medical record in the context of a typical brief provider-patient visit, or from medical and pharmacy administrative (claims) data. The completion of RIOSORD by a health care professional is intended to reduce response gaps or errors that may decrease its predictive accuracy and performance. This index does not include all known risk factors, such as family history of substance use disorders. In addition, some variables associated with an event in the VHA sample were excluded, such as age, race/ethnicity, and geographic location, because they differed from published findings from studies of fatal opioidrelated overdose in non-VHA populations. The limited number of cases in the study sample and unknown external generalizability of findings precluded stratifying the analysis by the duration of opioid therapy or the acuity and type of therapeutic indication (e.g., cancer-relatedness).
Implications for Future Research
While RIOSORD performed well in the VHA patient population, it should be assessed and further validated in a separate population that is more representative of U.S. medical users of prescription opioids. It also should be evaluated in clinically defined subgroups of prescription opioid users, based on characteristics of the pain condition (e.g., chronic vs acute and cancer vs noncancer). RIOSORD will also benefit from prospective reliability and validity testing across a broad spectrum of patients. RIOSORD can be formatted for electronic administration via Web or mobile platform to improve its real-world deployment by enabling automated MED calculation, risk scoring, and calculation of risk class.
Conclusion
RIOSORD is the first-known published risk index to provide current, evidence-based information to health care providers regarding the risk of overdose or lifethreatening CNS/respiratory depression in medical users of prescription opioids. Its performance should be further assessed, and refined as necessary, in a larger, more generalizable population, as well as prospectively. Once validated, this index will assist health care professionals in identifying patients who are at increased risk of serious opioid-induced respiratory depression or overdose and help with decision-making regarding interventions to mitigate their risk.
